Hypoglycemia is an important complication in the treatment of patients with diabetes. We surveyed the insight by patients with diabetes into hypoglycemia, their hypoglycemia avoidance behavior, and their level of worry regarding hypoglycemia. Methods: A survey of patients with diabetes, who had visited seven tertiary referral centers in Daegu or Gyeongsangbuk-do, Korea, between June 2014 and June 2015, was conducted. The survey contained questions about personal history, symptoms, educational experience, self-management, and attitudes about hypoglycemia. Results: Of 758 participants, 471 (62.1%) had experienced hypoglycemia, and 250 (32.9%) had experienced hypoglycemia at least once in the month immediately preceding the study. Two hundred and forty-two (31.8%) of the participants had received hypoglycemia education at least once, but only 148 (19.4%) knew the exact definition of hypoglycemia. Hypoglycemic symptoms identified by the participants were dizziness (55.0%), sweating (53.8%), and tremor (40.8%). They mostly chose candy (62.1%), chocolate (37.7%), or juice (36.8%) as food for recovering hypoglycemia. Participants who had experienced hypoglycemia had longer duration of diabetes and a higher proportion of insulin usage. The mean scores for hypoglycemia avoidance behavior and worry about hypoglycemia were 21.2±10.71 and 23.38±13.19, respectively. These scores tended to be higher for participants with higher than 8% of glycosylated hemoglobin, insulin use, and experience of emergency room visits. Conclusion: Many patients had experienced hypoglycemia and worried about it. We recommend identifying patients that are anxious about hypoglycemia and educating them about what to do when they develop hypoglycemic symptoms, especially those who have a high risk of hypoglycemia.
INTRODUCTION
Diabetes is a chronic disease that is increasing in prevalence worldwide. Glycemic control is the main treatment for patients with diabetes, and many studies provide evidence that glycemic control prevents or delays the development of microvascular complications of diabetes [1] [2] [3] . However, the occurrence or fear of hypoglycemia is a barrier to achieving glycemic control. When patients encounter hypoglycemia, they are less likely to comply with drug therapy and may have additional psychiatric problems in their daily lives [4, 5] . Moreover, severe hypoglycemia increases cardiovascular mortality in old age or in the presence of comorbidities [6] [7] [8] . In the Action to Control Cardiovascular Risk in Diabetes Study (ACCORD) trial, the intensive therapy group (glycosylated hemoglobin [HbA1c] <6.0%) experienced higher mortality than did the standard therapy group (HbA1c, 7.0% to 7.9%), possibly due to more severe or frequent hypoglycemic events in the intensive therapy group [9] . Following the publication of these data, recent guidelines address concerns about hypoglycemia, especially in patients with comorbidities, and emphasize that therapy should be tailored to the individual [10] .
For the prevention of hypoglycemia, the 2016 American Diabetes Association guidelines recommended a chronic care model (CCM), which would improve the clinical outcome and adherence to therapy, involving a team approach (doctors, nurses, dieticians, and social workers) [10] . In addition, repeated and frequent diabetes education must be undertaken regarding self-management to improve clinical outcomes and quality of life. This can be conducted through mass media, including television, radio, and newspaper [11] [12] [13] . However, there is a lack of data regarding the insight of diabetic patients into hypoglycemia in a real-world setting. Therefore, in this study, we investigated the understanding by diabetes patients of hypoglycemia, the behavior they use to avoid hypoglycemia, and their fear of hypoglycemia, by using a questionnaire.
METHODS

Study design
This study was conducted with the approval of the Keimyung University Dongsan Medical Center Institutional Review Board (IRB 2014-04-083). A survey of 758 patients with diabetes, who had visited seven tertiary referral centers (Kyungpook National University, Keimyung University Dongsan Medical Center, Catholic University of Daegu, Yeungnam University College of Medicine, Soonchunhyang University Gumi Hospital, CHA Gumi Medical Center, and Daegu Fatima Hospital), in Daegu or Gyeongsangbuk-do, Korea, between June 2014 and July 2015 was conducted. Patients with gestational diabetes mellitus were excluded. Written informed consent was obtained from all participants before completing the questionnaire.
The patients were asked questions regarding their personal history, type and duration of diabetes, type of medication (divided into categories of lifestyle modification, only oral hyperglycemic agents [OHAs] and insulin with or without OHAs, occupation, history of alcohol intake, history of smoking, and frequency of meals). They were also asked whether they knew their recent HbA1c, fasting glucose, or postprandial glucose levels. To establish what the patients knew about hypoglycemia, they were asked to answer to several questions, including the definition of hypoglycemia (writing the criteria of hypoglycemia), hypoglycemic symptoms (to select all the correct answers among a list of 12 hypoglycemic symptoms), and foods to eat during hypoglycemia (to select all the correct answers among a list of 15 foods). In a question regarding hypoglycemic symptoms, 12 correct hypoglycemic symptoms were presented as answer choices; selected answers were scored by each point and these scores were added up. In a question about what to eat during hypoglycemia, five correct foods and 10 incorrect foods were presented as answer choices; the correct answer was scored 1 point and an incorrect answer was scored -1 point, and then these scores were added up.
Patients were also asked where and how often they had received education regarding self-management of their diabetes. Further questions regarded their experience and frequency of hypoglycemia in the past month and what they did first during a hypoglycemic event. In addition, they were asked how often they checked their blood glucose, and they were surveyed about their behaviors and anxiety, using Hypoglycemia Fear Survey II behavior and worry subscales [14, 15] . The behavior subscale concerns 15 behaviors aimed at avoiding hypoglycemia, whereas the worry subscale includes 18 items about the daily life and work of the patients and how this correlates with hypoglycemia. All questions were scored 1 to 5 according to their frequency (never, rare, often, sometimes, always). Finally, patients were asked whether they informed their care team about hypoglycemic events when they visited their clinic.
Statistical analysis
Descriptive statistics were used to assess patient demographics, disease characteristics, and patient-reported outcomes. Differences between patients who had experienced recent hypoglycemic symptoms and those who had not were assessed using Student t-test for continuous variables and a chi-square test for categorical variables. Statistical significance was set a priori at P<0.05. All statistical analyses were performed using the SPSS version 22.0 (IBM Co., Armonk, NY, USA).
RESULTS
Basic characteristics of the participants
Of the 758 participants enrolled, 62.1% reported experience of hypoglycemia in the past, and 32.9% of participants recalled a hypoglycemic event at least once in the previous month. The average age of the participants was 56.3±13.7 years, and 51.5% were male (Table 1) ; 63.9% had type 2 diabetes mellitus, and a mean duration of diabetes of 11.8±9.7 years was reported. Therapy consisted of lifestyle modification for 4.2%, OHAs for 46.2%, and insulin for 47.1% of the participants; 20.5% of patients lived alone, and 60.4% reported consuming a normal diet. Among the participants who worked, 21.5% did so at night.
The participants were divided into two groups according to their experience of hypoglycemia. There were no differences between the two groups in age, sex, or body mass index. However, the group that had already experienced hypoglycemia had a longer duration of diabetes (13.9±9.8 years vs. 8.2±8.5 years, P=0.002) and higher rates of using insulin (57.7% vs.
29.4%, P<0.001) than the other group. In addition, the HbA1c of the hypoglycemia group was higher than that in the other group, although the difference was not statistically significant (8.5%±2.3% vs. 8.0%±2.1%, P=0.270).
Knowledge of the participants regarding hypoglycemia
Of the participants, 77.4% had heard about hypoglycemia, and 31.9% recalled being personally educated about hypoglycemia ( Table 2 ). Of these, 69.8% had received information in a clinic, 26.4% in a group, 2.8% in the public health system, and 10.7% through mass media, such as television or the Internet. The participants were also asked whether they knew the definition of hypoglycemia, and only 19.4% could accurately define hypoglycemia (<70 mg/dL); 23.5% of the participants undertook self-monitoring of blood glucose 2 to 3 times/day, but 23.8% only did this 2 to 3 times/week. A medical alert card was held (Fig. 1) . The mean score of choosing the correct hypoglycemic symptom was 3.3. When choosing foods to aid recovery from hypoglycemia, most patients selected the intake of candy (62.1%), chocolate (37.7%), or fruit juice (36.8%), but others also answered that they ate pizza (6.3%), raisins (8.8%), or nuts (6.8%) (Fig. 2) . The mean total score of choosing food was 0.2.
Experience of the participants with hypoglycemia
Of the 758 participants, 471 participants (62.1%) experienced hypoglycemia (Table 3 ). In the previous month, 32.9% of participants had experienced hypoglycemia at least once, and 6.2% had experienced it more than four times. As expected, Values are presented as number/total number (%) or mean±standard deviation. SMBG, self-monitoring of blood glucose. (Table 3) .
Participant behavior and worry
Hypoglycemia avoidance behavior and the frequency with which participants worried about hypoglycemia were assessed using the Hypoglycemia Fear Survey II behavior and worry subscales ( Table 4 ). The mean scores for hypoglycemia avoidance behavior and fear were 21.2±10.7 and 23.4±13.2, respectively. These scores were higher in patients who had experienced hypoglycemia, but were not statistically significant. However, the group using insulin and those patients with poor glycemic control (HbA1c ≥8%) and who had visited the emergency room (ER) had significantly higher scores for hypoglycemia avoidance behavior and fear.
Communication between physicians and patients
Patients with diabetes were also asked whether they told their physician about their hypoglycemic episodes (Table 5 ). This questionnaire was added during the survey and had a total of 499 participants. A majority of participants (76.9%) confirmed that their doctors asked them about hypoglycemia, but 23.0% said that they did not. Furthermore, 51.5% of participants did . There were no differences between the two groups in improving lifestyle habits (regular diet, exercise, restriction of snacks), experience visiting the ER due to hypoglycemia, knowledge of foods to eat during hypoglycemia, frequency of hypoglycemia within the past month. In addition, the educated group had higher HbA1c and higher behavior and fear scores. 
DISCUSSION
In this study, about 60% of participants reported experiencing hypoglycemia, but many subjects could not identify symptoms of hypoglycemia or what they should do after detecting them. Participants who had poor glucose control (HbA1c ≥8%), were treated with insulin, and had visited the ER yielded higher scores for both hypoglycemia avoidance behavior and fear of hypoglycemia. However, many participants did not report hypoglycemic events to their doctor before they were asked. Hypoglycemia is defined as a blood glucose of <70 mg/dL, accompanied by sweating, dizziness, and other symptoms [16, 17] . Mild hypoglycemia can usually be self-treated, whereas severe hypoglycemia is defined by a requirement for external assistance [10, 16] . Hypoglycemia is especially common in older patients or in those with comorbidities, in whom it affects compliance with medical therapy, lifestyle, and mortality. Recent guidelines emphasize that therapeutic regimens should be tailored to the needs of specific patients, rather than being aimed purely at achieving glycemic control within a near-normal range [10] . This is because hypoglycemia can cause very serious consequences, sometimes resulting in the death of patients with cardiovascular disease [6] [7] [8] [9] . The incidence of hypoglycemia varies according to the type of diabetes, therapeutic regimen, and age of diabetic patients. In a review of 46 studies (n=532,542) of hypoglycemia, the prevalence of hypoglycemia was 45% for mild/moderate events and 6% for severe events. The incidences of mild/moderate and severe hypoglycemic episodes per person-year were 19 (95% CI, 0.00 to 51.08) and 0.80 (95% CI, 0.00 to 2.15), respectively [18] . In this study, about 60% of participants reported experiencing hypoglycemia, but many participants could not identify the symptoms of hypoglycemia or what they should do after detecting them. In addition, a third of participants could not define hypoglycemia at the time of the study.
Diabetes self-management education (DSME) is an important element of diabetes care, in particular in the prevention or delay of the development of diabetic complications [13, [19] [20] [21] [22] .
Patients should learn about their optimal daily care and how to act under various circumstances. For effective education, it is important to know how well-informed each patient is. In the present survey, only 19.4% of patients could define hypoglycemia correctly (<70 mg/dL), and from the list of 12 correct hypoglycemic symptoms, participants could identify only a mean of 3.3. Most patients did not know that symptoms such as headache, perspiration, and seizure can occur during hypoglycemia. Although many participants chose candy as an immediate treatment for hypoglycemia, others chose chocolate, rice, or nuts. In addition, many consumed candy without checking their blood glucose beforehand. Finally, only 10.9% of patients had kept their medical alert cards. Even though the groups of patients who received hypoglycemia education were segregated, the results were not much different. The educated group showed better results in some of questions. However, they had a lower proportion of correct answers in these questions, Moreover, they showed no significant difference or worse results compared to the uneducated group in other questions. These results show that many patients with diabetes are not well-informed regarding hypoglycemia, even though they have received some education.
The occurrence of hypoglycemia limits daily activities and lowers quality of life [23] [24] [25] [26] [27] . According to surveys of the fear associated with hypoglycemia in type 1 diabetes mellitus, patients prefer to try to keep their blood glucose higher than recommended, limit activities such as visiting friends, display emotional deficits, such as low confidence, and can also suffer psychiatric problems, such as panic attack or agoraphobia [28] . In addition, patients who experienced hypoglycemia had poorer health and were more likely to be depressed than those who did not experience hypoglycemic events [4] .
Chronic untreated hypoglycemia can result in cerebral maladaptation, causing impaired awareness of hypoglycemia, which is termed "hypoglycemic unawareness" [29] , and increases the fear of hypoglycemia [30] . Some studies reported a positive correlation between this fear and HbA1c, but this result was inconsistent [25, 31] . In addition, it was shown that a single episode of hypoglycemia can trigger anxiety, resulting in the development of avoidance behavior aimed at maintaining higher than recommended blood glucose levels [24, 31, 32] . Similar to the results of other studies, the group using insulin and those patients with an HbA1c of >8.0% had significantly higher scores for avoidance behavior and worry about hypoglycemia. In addition, the group that had already experienced visits to the ER due to hypoglycemia tended to have higher avoidance behavior and fear scores than the group without ER visits due to hypoglycemia.
Patients who worry about hypoglycemia tend to eat more to avoid it, and, as their HbA1c increases, their doctors may add additional medication to control hyperglycemia without talking about hypoglycemia. Therefore, if communication is insuf-ficient to identify this problem, patients may enter a vicious cycle of overmedication. Recently, the CCM was introduced, which is a well-rounded approach to restructuring medical care that involves partnerships between health systems and communities in U.S. primary care settings [10] . For this, physicians are trained to deliver evidence-based care, support decision making, and offer DSME through personal or group sessions. The design of the delivery system incorporates diabetes days, which facilitates communication between patients and diabetes educators. In this patient-centered approach, patients and diabetes educators create patient records collaboratively and can discuss treatment in more detail. Studies using CCM showed that it improved not only metabolic parameters, such as HbA1c and high density lipoprotein, but also psychosocial parameters, such as diabetes knowledge and empowerment scores [33] [34] [35] .
Surprisingly, Ostenson et al. [36] reported that almost half of patients rarely or never informed their general practitioner or specialist of a hypoglycemic event, despite over half of them had experienced such events. Similarly, in the present study, only half of the patients informed their physician of a hypoglycemic event before they were asked. These results show that improved communication between physicians and patients is important to provide better treatment.
This study has a few limitations. Data were collected using questionnaires, the accuracy of which depended on the memory of the patients. Patient recall is typically subjective, and here it did not correlate with the extent of the education provided by the respective care teams. The participants in the survey had a higher proportion of insulin treatment than general patients, so the possibility of selection bias must be considered. However, our data are made more relevant because they identify the level of patient knowledge regarding hypoglycemia in a real-world clinical care situation. Taken together, our results indicate that many patients have a lower degree of knowledge about hypoglycemia than was expected, and a greater level of worry. Furthermore, many patients did not tell their doctor about hypoglycemic events that they had experienced. Therefore, to ensure optimal treatment of diabetes and fewer hypoglycemic events, an improved system of communication between patients and their care teams should be established, including a better education program regarding diabetes selfmanagement.
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